Europaisches Patentamt 
European Patent Office 
Office europSen des brevets 



© Publication number: 



0 393 758 

A1 



© EUROPEAN PATENT APPLICATION 



© Application number: 90200895.2 © Int. CI. 5 : G01 R 33/48, G01R 33/56, 

G01R 33/40 

© Date of filing: 12.04.90 



® Priority: 20.04.89 NL 8900990 


© Applicant: N.V. Philips' Gloeilampenfabrieken 


© Date of publication of application: 


Qroenewoudseweg 1 


NL-5621 BA Eindhoven(NL) 


24.10.90 Bulletin 90/43 




© Designated Contracting States: 


© Inventor: Luyten, Peter Rudolf 


c/o INT. OCTROOIBUREAU B.V., Prof. 


CH DE FR GB IT LI NL SE 


Holstlaan 6 




NL-5656 AA Eindhoven(NL) 




© Representative: Zwaan, Andries Willem et al 




INTERNATIONAL OCTROOIBUREAU B.V. 




Prof. Holstlaan 6 




NL-5656 AA Eindhoven(NL) 



© Method of determining a nuclear magnetization distribution of a subvolume of an object, method of 
shimming a part of a steady field in which the object Is situated, and magnetic resonance device 
for performing such a method. 



© An MRI method is proposed for spectroscopy 
where a sequence which comprises four RF elec- 
tromagnetic pulses (p1, p2, p3, p4), three of which 
are spatially selective, is used to generate a reso- 
nance signal (e) from a sub-volume of an object. The 
phase difference between the first and the second 
90° excitation pulse amounts to 90°. The waiting 
period (dt1) between the first and the second pulse 
(p1, p2) Is chosen so that the second pulse (p2) 
selectively resets the nuclear spins excited by the 



first non-selective pulse (p1) in the longitudinal direc- 
tion. The selectively reset magnetization, for exam- 
ple of fat, is recalled, after the dephasing of the non- 
reset magnetization, for example of water, by the 
further pulses (p3, p4), A spectrum is determined 
from the resonance signal (e). In a modified version 
in which the phases of the first and the second pulse 
are the same, the sequence is used for shimming a 
local field around the sub-volume. 
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Method of determining a nuclear magnetization distribution of a sub-volume of an object, method of 
shimming a part of a steady field in which the object Is situated, and magnetic resonance device for 

performing such a method. 



The invention relates to a method of determin- 
ing a nuclear magnetization distribution from at 
least one magnetic resonance signal from a sub- 
volume of an object which Is situated in a steady 
magnetic field, the sub-volume being selectively 
excited by means of a sequence comprising RF 
electromagnetic pulses and magnetic field gradi- 
ents which are superposed on the steady magnetic 
field, resonance signals from at least a part of a 
spectrum associated with the sub-volume being 
suppressed. 

The invention also relates to a method of shim- 
ming at least a part of a steady magnetic field in 
which a sub-volume of an object is situated, the 
sub-volume being selectively excited by means of 
a sequence comprising RF electromagnetic pulses 
and magnetic field gradients which are superposed 
on the steady magnetic field. 

The invention furthermore relates to a magnetic 
resonance device for determining a nuclear mag- 
netization distribution from at least one resonance 
signal from a sub-volume of an object, which de- 
vice comprises means for exposing the object to a 
steady magentic field and to a sequence of RF 
electromagnetic pulses and magnetic field gradi- 
ents, the means being suitable for suppressing 
resonance signals from at least a part of a spec- 
trum associated with the sub-volume, and means 
for detecting the resonance signal to be generated 
by means of the sequence. 

A method of this kind is described in Journal of 
Magnetic Resonance 67, pp. 148-155, 1986. Ac- 
cording to such a method an object is arranged in 
a steady magnetic field which is at least substan- 
tially uniform. The object is first exposed to a 
combination of a non-selective 90° excitation pulse, 
a non-selective 180° refocussing pulse, and a 
selective 90° reset pulse. During the reset pulse a 
first gradient is applied which is superposed on the 
steady magnetic field. It is thus achieved that a 
magnetization which was oriented in the same di- 
rection as the steady field is reset, after refocus- 
sing, along the z'-axis after having been rotated to 
tire transverse direction in a coordinate system 
x'yY which rotates at the so-called Larmor fre- 
quency and whose z'-axis coincides with the 
steady magnetic field; in other words, after applica- 
tion of the pulse/gradient combination it is achieved 
that longitudinal magnetization exists only within a 
slice of the object and not outside this slice. Out- 
side the slice only dephased transverse magnetiz- 
ation will exist after some time. Subsequently, such 
a pulse gradient combination is applied two more 



times, be it with a second and a third gradient, 
respectively. The field directions of the gradients 
coincide with the direction of the steady magnetic 
field, the gradient directions extending perpendicu- 

5 larly with respect to one another. After the three 
pulse/gradient combinations, the magnetization in 
a, for example cubic sub-volume of the object will 
have been selectively longitudinally reset after hav- 
ing been transversally set. Outside the sub-volume 

10 only dephased transverse magnetization exists. By 
using so-called phase cycling, any spurious signals 
from outside the sub-volume are further sup- 
pressed. In order to obtain a magnetic resonance 
signal from the selected sub-volume by means of 

15 which, for example a spectrum of the sub-volume 
can be determined, a 90° excitation pulse is gen- 
erated. The resonance signal generated thereby is 
sampled and the spectrum is determined by 
means of Fourier transformation. In order to sup- 

20 press, for example a water peak in the spectrum of 
the sub-volume, the latter 90° excitation pulse may 
be replaced by a so-called 1-S~-3-~composite 
pulse as described inter alia in Journal of Magnetic 
Resonance 55, pp. 283-300, 1983, notably on page 

25 298-299 of this article. The method is notably suit- 
able for use in so-called whole-body magnetic res- 
onance devices. Even though such a method offers 
suitable results, it is a drawback that a large num- 
ber of RF electromagnetic pulses (at least 10) must 

30 be generated in order to obtain a magnetic reso- 
nance signal from a sub-volume of the object. 

It is inter alia an object of the invention to 
provide a magnetic resonance method and device 
whereby, for example water-suppressed spectra of 

35 sub-volumes can be obtained using fewer RF elec- 
tromagnetic pulses. 

A first method in accordance with the invention 
is characterized in that there is generated a first 
90° excitation pulse which has a first phase and 

40 which is non-selective, after which a second excita- 
tion pulse which has a second phase which differs 
90° from the first phase and which is selective is 
generated in the presence of a first magnetic field 
gradient, a waiting period between the first and the 

45 second pulse being chosen so that the suppression 
of said part of the spectrum is optimum and the 
first magnetic field gradient is sustained after the 
second excitation pulse until magnetic resonance 
signals from a further part of the spectrum have 

so been dephased, after which a third, selective, ex- 
citation pulse is generated in the presence of a 
second magnetic field gradient and a selective 
refocussing pulse is generated in the presence of a 
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third magnetic field gradient, the first, the second 
and the third field gradient having different gradient 
directions. This enables suitable suppression of, for 
example a water peak in a spectrum whereas, for 
example CH n groups are shown. By a suitable 
choice of the waiting period optimum suppression 
of the water peak can be achieved. The Invention is 
based on the idea to expose the object to an RF 
electromagnetic field after the magnetization of the 
object has been rotated in the transverse direction 
and after expiration of a suitable waiting period 
during which the water magnetization vector re- 
mains stationary in a coordinate system which 
rotates at the Larmor frequency of water and vec- 
tors of other substances rotate due to chemical 
shift, the direction of said RF electromagnetic field 
coinciding with the water vector so that in one 
operation the magnetization is reset in the longitu- 
dinal direction with the exception of that of water, 
that Is to say in the direction of the steady mag- 
netic field, after which the water is transversally 
dephased by sustaining a gradient and by using 
further volume selection. Contrary to the described 
known method which utilizes three reset pulses, 
only one reset pulse is now required. 

It is to be noted that pulse sequences are 
known in which three excitation pulses are succes- 
sively generated, for example from United States 
Patent Specification No. 4,748,409. The three ex- 
citation pulses are 90° pulses. Contrary to the 
method in accordance with the invention, however, 
all nuclear spins are dephased after the first RF 
pulse; moreover, only 50% of the intensity of the 
reset magnetization is obtained upon excitation 
thereof, while the method in accordance with the 
invention achieves substantially 100% in the central 
part of the spectrum of interest. A method as 
known from Fig. 3 in European Patent Application 
EP 0.304.984 is a version of the method known 
from the cited United States Patent Specification. 
Again all nuclear spins are dephased after the first 
RF pulse. Therefore, the method in accordance 
with the invention is distinct from these so-called 
stimulated echo methods in that it involves a com- 
bination of RF electromagnetic pulses and gra- 
dients so that an essentially different operation is 
obtained. 

A version of a method in accordance with the 
invention is characterized in that the waiting period 
is in conformity with (2n + 1)/(4df), where df is a 
frequency difference in the spectrum of a reso- 
nance frequency of a resonance peak from the 
suppressed part of the spectrum and a resonance 
frequency of a frequency peak from the further part 
of the spectrum, and where n is a non-negative 
integer number. For example, if the resonance 
peak from the suppressed part of the spectrum is a 
water peak and the other peak is a CH peak from 



the central part of the spectrum of interest, it is 
achieved that the CH peak is phase-shifted 90° 
with respect to the water peak, and is optimally 
recalled later after having been reset. 

5 A further version of a method In accordance 
with the invention is characterized in that the 
presaturation is performed by generating an RF 
electromagnetic pulse whose frequency contents 
correspond to the suppressed part of the spectrum, 

w followed by a dephasing gradient. The water is 
then at least partly suppressed already before the 
sequence, i.e. inside as well as outside the sub- 
volume to be selected. 

A second method in accordance with the in- 

75 vention is characterized in that there is generated a 
first 90° excitation pulse which is non-selective, 
after which a second excitation pulse which is 
selective is generated in the presence of a first 
magnetic field gradient, the phases of the first and 

20 the second pulse being the same, a waiting period 
between the first and the second pulse being cho- 
sen so that a phase difference of substantially 90° 
arises between at least two spectral components of 
a spectrum associated with the sub-voiume. the 

25 first gradient being sustained until selective de- 
phasing occurs, after which a third, selective, ex- 
citation pulse is generated in the presence of a 
second magnetic field gradient and a selective 
refocussing pulse Is generated in the presence of a 

30 third magnetic field gradient, the sequence being 
repeated so many times, while varying shimming 
currents in coils in order to shim the steady mag- 
netic field, that an optimum resonance signal is 
obtained from the sub-volume. By making the 

35 phase difference between the first and the second 
RF electromagnetic pulse 0° instead of 90°, the 
method can be made suitable for shimming the 
steady field around a sub-volume. After that the 
first method can be used. Thus, a spectrum having 

40 an even higher resolution is obtained. 

The invention will be described in detail 
hereinafter with reference to a drawing; therein: 

Fig. 1 diagrammatically shows a magnetic 
resonance device In accordance with the invention, 

45 Fig. 2 shows a sequence in accordance with 

the invention, 

Figs. 3A and 3B show magnetization vectors 
for the sequence shown in Fig. 2, 

Figs. 4A and 4B show spectra of resonance 

so signals with suppression curves for n = 0 and n = 
1, 

Fig. 5 shows a sub-volume in an object 
selected by means of the sequence in accordance 
with the invention, 
55 Fig. 6 shows presaturation prior to the se- 

quence in accordance with the invention, 

Fig. 7 shows a sequence adapted to spec- 
troscopic imaging in accordance with the invention, 
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and 

Figs. 8A and 8B show that the sequence in 
accordance with the invention can be used for the 
shimming of a sub-volume. 

Fig. 1 diagrammatically shows a magnetic res- 
onance device 1 in accordance with the invention, 
comprising transmitter means 2 and receiver 
means 3 for transmitting RF electromagnetic 
pulses, via a transmitter/receiver coil 4, to an object 
5 and for receiving magnetic resonance signals, 
respectively, which are generated in the object 5 
by the RF electromagnetic pulses, which object is 
situated in a steady, uniform magnetic field. The 
device 1 comprises means 6 for generating the 
steady field. The means 6 comprise magnet coils 7 
and, in the case of resistive magnets or supercon- 
ducting magnets, a DC power supply 8. During 
operation of the device 1 with the object arranged 
within the magnet coils 7, a small excess of nuclear 
spins (of nuclei having a magnetic moment) will be 
directed in the same direction as the steady uni- 
form field in the state of equilibrium. From a mac- 
roscopic point of view this is to be considered as a 
magnetization M, being an equilibrium magnetiz- 
ation. The device 1 also comprises processing 
means 9 which are coupled to the transmitter 
means 2 and the receiver means 3, a process 
computer 10 which is coupled to the processing 
means 9 and the transmitter means 2, and display 
means 11 for displaying a nuciear magnetization 
distribution which is determined, using pro- 
grammed means 12, from resonance signals re- 
ceived and demodulated by the receiver means 3 
after signal sampling thereof (detection of reso- 
nance signals). The transmitter means 2 actually 
comprise an RF oscillator 13 for generating a car- 
rier signal, a modulator 14 for amplitude and/or 
phase or frequency modulation of the carrier signal, 
a power amplifier 15 and a directional coupler 16 
which is coupled to the transmitter/receiver coil 4. 
The transmitter/receiver coil 4 may be a coil which 
encloses the entire object 5, a coil which encloses 
a part of the object 5, or a surface coil. The RF 
oscillator 13 is coupled to the processing means 9 
and the modulator 14 is coupled to the process 
computer 10. When excitation pulses are applied to 
the object 5 via the transmitter means 2 and under 
the control of the programmed means 12, which 
excitation pulses have a frequency contents around 
the Larmor frequency of, for example protons, 
magnetic resonance signals will be produced 
wherefrom a proton spectrum can be determined 
by the programmed means 12 by way of, for 
example Fourier transformation. The receiver 
means 3 for receiving the resonance signals com- 
prise the directional coupler 16 and a receiver and 
demodulation unit 17. The unit 17 is, for example a 
double phase-sensitive detector whose output sig- 



nals are sampled by means of a first and a second 
A/D converter 18, 19, respectively. The first and the 
second A/D converter 18, 19 are coupled to the 
processing means 9. In the case of separate trans- 

5 mitter and receiver coils, the directional coupler 16 
is absent. The device also comprises means 20 for 
generating magnetic field gradients which are 
superposed on the steady, uniform magnetic field. 
The means 20 comprise gradient magnet coils 21 , 

70 22 and 23 for generating a magnetic field gradient 
Q x , G y and g 2 , respectively, and a power supply 
unit 24 which can be controlled by the process 
computer in order to power the gradient magnet 
colls 21 , 22 and 23 which are separately activata- 

75 ble. In the embodiment shown the arrangement in 
space of the gradient magnet coils is such that the 
field direction of the magnet field gradients co- 
incides with the direction of the steady, uniform 
magnetic field and that the gradient directions ex- 

20 tend mutually perpendicularly; this is shown in Fig. 
1 by way of three mutually perpendicular axes x, y 
and z. When pulse/gradient sequences are applied 
to the object 5, the resonance signals can be used 
inter alia for spectroscopy, location-dependent 

25 spectroscopy and spectroscopic imaging. The de- 
vice 1 may also comprise shimming coils which 
are not shown in detail. These shimming coils are 
to be activated by the programmed means. 

Fig. 2 shows a sequence in accordance with 

30 the invention as a function of time t; the reference 
t1 to t7 denote some instants. Under the control of 
the programmed means 12 the transmitter means 2 
generate a first RF electromagnetic, non-selective 
pulse p1 at the instant t = t1. The pulse p1 is 

35 applied to the object 5 by the transmitter/receiver 
coil 4, so that nuclear spins are excited in the 
object 5. The amplitude and the duration of the 
pulse p1 are such that in a coordinate* system 
x'yY which rotates at a Larmor frequency of, for 

40 example water and whose z'-axis coincides with 
the steady field B 0 , a nuclear magnetization vector 
is rotated through 90° with respect to the field B 0 , 
I.e. p1 is a so-called 90° pulse. This is shown in 
Fig. 3A. The frequency contents of the pulse p1 

45 are such that substantially all nuclear spins are 
excited; the pulse p1 is non-selective. Subsequent- 
ly, at the instant t = t2 a second, selective 90° 
excitation pulse is generated after a waiting period 
following the pulse pi. During the pulse p2 the 

so means 20 generate a magnetic field gradient. The 
phase of the pulse p2 differs 90° from that of the 
pulse p1. If the object contains other components 
in addition to water, for example fat, a water vector 
W will be stationary in the rotating system x'yY 

55 due to chemical shift, and a fat vector V will rotate 
with a difference frequency between water and fat. 
The phase of the pulse p1 is such that the direction 
of the RF electromagnetic field Bi extends per- 
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pendicularly to the y Y-plane as shown in Fig. 3A. 
when the waiting period dt1 is chosen so that the 
magnetization vectors around the resonance fre- 
quency of the fat in the x'y'-plane are rotated 
substantially 90° with respect to the water at the 
instant t = t2, these magnetization vectors will be 
longitudinally set due to the pulse p2, i.e. along the 
z"-axis and, because of the fact that the elec- 
tromagnetic field Bi extends along the water vector 
as shown in Rg. 3B t this field will not have an 
effect on the water; in other words, the pulse p2 
acts as a selective reset pulse. At the instant t « t3 
the transverse magnetization still present will have 
been rephased inside and outside a slice. By sus- 
taining the gradient G x until the instant t = t4 (for 
example, for 1 ms or longer), this transverse mag- 
netization will be dephased. It is achieved that 
longitudinal magnetization (of magnetization vectors 
having a resonance frequency around that of fat) 
exists selectively in a slice and that outside the 
slide only dephased transverse magnetization ex- 
ists. Spurious echos which could arise due to field 
inhomogeneities can be suppressed by phase cy- 
cling. The selective longitudinal magnetization can 
be produced by means of a spin echo sequence 
which is indicated in fig. 2, comprising a third, 
slice-selective 90° excitation pulse at the instant t 
= t5, in the presence of a magnetic field gradient 
G y , and a selective 180° refocussing pulse at the 
instant t = t6 in the presence of a magnetic field 
gradient G z . At the instant t = t7 an echo reso- 
nance signal e arises which originates from a se- 
lected sub-volume of the object 5. The second and 
the third excitation pulse may be chosen to be 
smaller than 90°; the signal strength of the echo 
resonance signal e is not optimum in that case. 
Waiting periods between p2 and p3 and between 
p3 and p4 are denoted by dt2 and dt3, respec- 
tively. After detection of the resonance signal e by 
the receiver of means 5 and after sampling of the 
detected signal by means of the A/D converters 18 
and 19, for example a water-suppressed spectrum 
can be derived from the detected and sampled 
signal, using the programmed means 12, by 
Fourier transformation, which spectrum can be dis- 
played by means of the display means 11. 

Figs. 4A and 4B show spectra of resonance 
signals with suppression curves oc1 and oc2. Rg. 
4A shows a water peak W and a fat peak V. It will 
be evident that spectra may be more complex and 
that the sequence shown can be used for spectra 
other than those In which water peaks and fat 
peaks occur. By a suitable choice of the waiting 
period dt1 = (2n + 1)/(4df), where df is the chemi- 
cal shift between the water peak W and the fat 
peak V and n is an integer, non-negative number, it 
can be achieved that the water peak W and its 
vicinity in the spectrum are at least substantially 



suppressed. Rg. 4A shows a suppression curve 
od for n = 0. In the case of a chemical shift df of, 
for example 170 Hz, dt1 would then be approxi- 
mately 1.5 ms; this could be too short in practice 

5 for switching inter alia gradients. The spectrum of 
interest around the fat peak V is denoted by the 
reference roil . When dt1 is too short for the switch- 
ing of gradients, n = 1 may be chosen, and dt1 
will be 4.5 ms. The suppression curve oc2 in fig. 

w 4B, however, is more complex than the suppres- 
sion curve od in Fig. 4A. An area around the fat 
peak in a rather fiat part of the suppression curve 
oc2 may be taken as the region of interest roi2. 
Rg. 5 shows a sub-volume vp in an object 5 

75 which has been selected by means of the se- 
quence in accordance with the invention. The sub- 
volume vp is selected by the respective gradients 
G x , G y and G 2 during the pulses p2, p3 and p4 as 
an intersection of three slices, such as the slice s 

20 by the gradient G x . It will be evident that the 
sequence is effective for all permutations of G x , G y 
. and G 2 . 

Fig. 6 shows presaturation in accordance with 
the invention. The references p1 and t1 denote the 

25 first pulse p1 at the instant t = t1, like in Rg. 2. 
The entire object 5 is selectively excited, for exam- 
pie for water by means of a presaturation pulse p5 
at the instant t = t8. The pulse p5 may be selec- 
tive 90° pulse, such as a long Sine pulse, having a 

30 bandwidth of, for example 10-20 Hz around the 
water. The application of a gradient G at the instant 
t = t9 will dephase the selectively excited water, 
so that the water has been presaturated at the 
instant t = t1. 

35 Fig. 7 shows a sequence adapted to spec- 
troscopic imaging in accordance with the invention. 
Between the pulses p3 and p4 of the pulse se- 
quence of Rg. 2 two and three gradients G^, Gys 
and Gj* are applied for 2D spectroscopic imaging 

40 and 3D spectroscopic imaging, respectively. The 
sequence is repeated for different amplitudes of 
Gxs, G y8 and From sampling values of the 
resonance signals a large number of VOIs (volume 
of interest) can be determined by means of the 

45 programmed means 12, or a density image of a 
given spectral peak can be determined. 

Figs. 8A and 8B show that the sequence in 
accordance with invention can be used for the 
shimming of a sub-volume. In that case the phases 

so of the pulses p1 and p2 are chosen to be equal 
and the waiting period dt1 is chosen so that fat is 
actually suppressed and water is not. In Rg. 8A 
this is denoted by the suppression curve oc3 (for n 
= 0). The device 1 then comprises shimming coils 

55 whereby the steady field can be locally influenced 
by variation of the currents through the shimming 
coils. The currents can be adjusted by the pro- 
grammed means 12. The sequence can be re- 
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peated a number of times while varying the cur- 
rents until an optimum water signal is obtained 
from the sub-volume. This signal can be evaluated 
by observing the Fourier transformed water signal 
while varying the currents. When the magnetic field 
in the sub-volume is uniform, the water resonance 
signal will relax substantially with a time constant 
T 2| being the transverse relaxation time of water. 
When the magnetic field is still not uniform, trans- 
verse relaxation will take place with a time constant 
1*2 which is smaller than T2. This is shown in Fig. 
8B. 

The sequence shown can be executed using, 
for example, the time parameters: dt1 = 4.5 ms, 
dt2 = 5 ms, dt3 = 8-500 ms and a waiting period 
of 1-2 s after the resonance signal e. When dt3 is 
chosen to be small, the echo time will be short. 
The sequence shown is then also very suitable for 
spectroscopy of quickly moving organs such as the 
heart in the case of an object in the form of a 
human body. 



Claims 

1. A method of determining a nuclear mag- 
netization distribution from at least one magnetic 
resonance signal from a sub-volume of an object 
which is situated in a steady magnetic field, the 
sub-volume being selectively excited by means of 
a sequence comprising RF electromagnetic pulses 
and magnetic field gradients which are superposed 
on the steady magnetic field, resonance signals 
from at least a part of a spectrum associated with 
the sub-volume being suppressed, characterized in 
that there is generated a first 90° excitation pulse 
which has a first phase and which is non-selective, 
after which a second excitation pulse which has a 
second phase which differs 90° from the first phase 
and which is selective is generated in the presence 
of a first magnetic field gradient, a waiting period 
between the first and the second pulse being cho- 
sen so that the suppression of said part of the 
spectrum is optimum and the first magnetic field 
gradient is sustained after the second excitation 
pulse until magnetic resonance signals from a fur- 
ther part of the spectrum have been dephased, 
after which a third, selective, excitation pulse is 
generated in the presence of a second magnetic 
field gradient and a selective refocussing pulse is 
generated in the presence of a third magnetic field 
gradient, the first, the second and the third field 
gradient having different gradient directions. 

2. A method as claimed in Claim 1 , character- 
ized in that the waiting period is in conformity with 
(2n + 1)/(4df), where df is a frequency difference 
in the spectrum of a resonance frequency of a 
resonance peak from the suppressed part of the 



spectrum and a resonance frequency of a fre- 
quency peak from the further part of the spectrum, 
and where n is a non-negative integer number. 

3. A method as claimed in Claim 2, character- 
5 ized In that the frequency peak from the sup- 
pressed part of the spectrum is a water peak. 

4. A method as claimed in claim 1, 2 or 3, 
characterized in that the first magnetic field gra- 
dient is sustained for at least 1 ms after the re- 

70 phasing of transverse magnetization has occurred 
due to the second pulse. 

5. A method as claimed in any one of the 
Claims 1 to 4, characterized in that phase cycling 
is used for suppressing spurious signals originating 

75 from outside the selected sub-volume by executing 
the sequence twice with a 180° phase difference of 
the second excitation pulse and by subtracting the 
respective resonance signals from one another. 

6. A method as claimed in any one of the 
20 preceding Claims, characterized in that at least one 

magnetic field gradient is applied between the third 
excitation pulse and the refocussing pulse in order 
to obtain magnetic resonance signals for spec- 
troscopic imaging, the sequence being repeated a 
25 number of times for different values of the at least 
one magnetic field gradient. 

7. A method as claimed in any one of the 
preceding Claims, characterized in that the second 
and third excitation pulse at 90° pulses, the selec- 

30 tive refocussing pulse being a 180° pulse. 

8. A method as claimed in any one of the 
preceding Claims, characterized in that prior to the 
sequence presaturation takes place on a resonance 
frequency from the suppressed part of the spec- 

35 trum. 

9. A method as claimed in Claim 8, character- 
ized in that the presaturation is performed by gen- 
erating an RF electromagnetic pulse whose fre- 
quency contents correspond to the suppressed 

40 part of the spectrum, followed by a dephasing 
gradient. 

10. A method of shimming at least a part of a 
steady magnetic field in which a sub-volume of an 
object is situated, the sub-volume being selectively 

45 excited by means of a sequence comprising RF 
electromagnetic pulses and magnetic field gradi- 
ents which are superposed on the steady magnetic 
field, characterized in that there is generated a first 
90° excitation pulse which is non-selective, after 

so which a second excitation pulse which is selective 
is generated in the presence of a first magnetic 
field gradient, the phases of the first and the sec- 
ond pulse being the same, a waiting period be- 
tween the first and the second pulse being chosen 

55 so that a phase difference of substantially 90° 
arises between at least two spectral components of 
a spectrum associated with the sub-volume, the 
first gradient being sustained until selective de- 
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phasing occurs, after which a third, selective, ex- 
citation pulse is generated in the presence of a 
second magnetic field gradient and a selective 
refocussing puise is generated in the presence of a 
third magnetic field gradient, the sequence being 5 
repeated so many times, while varying shimming 
currents in coils in order to shim the steady mag- 
netic field, that an optimum resonance signal is 
obtained from the sub-volume. 

1 1 . A magnetic resonance device for determin- 10 
ing a nuclear magnetization distribution from at 
least one resonance signal from a sub-volume of 
an object, which device comprises means for ex- 
posing the object to a steady magnetic field and to 
a sequence of RF electromagnetic pulses and rs 
magnetic field gradients, the means being suitable 
for suppressing resonance signals from at least a 
part of a spectrum associated with the sub-volume, 
and means for detecting the resonance signal to be 
generated by means of the sequence, character- 20 
ized in that the means for subjecting the object to 
the sequence are suitable for generating a first 90° 
excitation pulse which has a first phase and which 
is non-selective, for subsequently generating, in the 
presence of a first magnetic field gradient, a sec- 25 
ond excitation pulse which has a second phase 
which deviates 90° from the first phase and which 
is selective, a waiting period between the first and 
the second pulse being chosen so that the sup- 
pression of said part of the spectrum is optimum, 30 
the first magnetic field gradient after the second 
excitation pulse being sustained until magnetic res- 
onance signals from a further part of the spectrum 
have been dephased, and for subsequently gen- 
erating, in the presence of a second magnetic field 35 
gradient, a third, selective, excitation pulse and a 
selective refocussing pulse in the presence of a 
third magnetic field gradient, the first, the second 
and the third field gradient having different gradient 
directions. 40 
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